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Study on safety limits of the pipelines under submarine glide block
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Abstract: Submarine landslide is a common marine geological hazard, which has a great threat to offshore oil and gas engineering. Soil
instability leads to mass sliding, which causes drag force on submarine pipelines. A model of the landslide and pipeline was established
based on the computational fluid dynamics (CFD) method, and the H-B rheological model was selected to calculate the forces of
landslides on the pipelines. The limit state method was used to calculate the safety range of the buried pipelinse under the action of
submarine landslide, which can be used as a reference for engineering. Submarine landslide, a common marine geological hazard, may
severely jeopardize the safety of marine oil and gas engineering. The sliding of landslide caused by the instability of soil in seabed will
drag the submarine pipeline. In this study, an evaluation model of effect of submarine landslide on pipeline was developed based on the
computational fluid dynamics method. The H-B model was used to describe the massive landslide and compared and verified with the
experiment results. The effect of landslides with different seabed slopes on pipeline was analyzed and the expression fitted out. The
mechanical response of submarine pipeline under the effect of landslides was also studied and the limit safety analysis of pipeline was
presented by using the limit state method. The ultimate safety margin of the buried pipeline is also evaluated to develop the safety
analysis method of pipeline under landslide. The results show that the force exerted by landslide on pipeline has a positive correlation to
the seabed slope, while the thickness of overburden soil has little effect on the force. The permitted width and velocity of landslide
increase with the decrease of undrained shear strength, indicating that the undrained shear strength of soil is positively correlated with

the mobilized drag force. And the soil width of landslide induces a greater effect on the ultimate safe speed.

W B #3:2019-06-04

ESTE : EEE s RIS G 0 A8 8 A b b Zesm KS DAl K B dH R (2016 YFC0802305)

PEE B : 2RI (1994-) 53 W98 A=, 05T 7 0] i IS TR A5 2 20T, E-mail :925773867@ qq.com
BEEE . EEW ., E-mail. offshore@ 126.com



Hom LIRS RIS T M 1 45 4 A Y 129

Keywords: submarine pipeline; submarine landslide; soil instability; structural safety; safety range; seabed dip; covering layer

thickness

RIS R WL R 9% , 5 Wl A L R4 e 9 FE AT T 42 A, A
VRS B LKL 7 2 L, AR LR K Pk LR RSO A o 2 2 B0 B A B B 43
SEVIRITBE (LIRS RO ) e B (e K B TR R I U ) IR B (=
RO FRHE— 2 TR O ) BB W B (VM R TR 1 IR SARAT T ARSI i 2
R TR , WS A AR, 51 42 2 S i WO FR B e IS B R

SIEAF SR [ A ST 38 0 O T AT 9, 8 A iR B0 By i 25
Zakeri %S e A IAYS KK, BFIE T SNSRI SO B 2RI BT 5 P HE KB 0 15 1
F A A A A A Xt 46 BT 520, Randolph %5 Hl White %51 FEIRI0 ABUER ISR [ 42 + 12
Tk, I R R BORURBR BT 2R 64 R CFD J7 50T T 0 4 0 3 1
P i T B T X L MR A RO, S 7 Zakeri (IR0 3ERI 1R CFD )y ik
SR SEATIOBOR A 1 R AT T T B AR R BF S T AT R I ol £ 1
FORPEFREBEL ) R HR R X R A R AP R R0 LA 18 0 3

P A Y S0 6 06070 19 50 o 7 W 0 O L 9 B, 9 91 R B e
o ST SRR S5 7 | A H-B SRR U PR SR ST e e S P A R
TTBFE, % R TR BR LA, 7 0 T VARG 5 0 1190 2 W0 52 2 0 R MO R 300 4R PRt
BHBEXTEERONE LA AR TR T IR I T P 2 4 R ey BT R P S 22 23 )y
i T R R IR 0 B 438 AT P — R I B
(RGeS SN SN (U TkC 2
L1 KAEEEEHETTE

MRS A G K A S R PRI BT 3, SR CFD 2 AR P B L3 1, Y M e A
YEHE T BB TR

1) LT

Srp) + V- (ipU) =My + X T (0
S r, ) B UK LM PR SR HEREIE 5 M WAE FIIRA; T, 950 2 MBS 1 AR A
TR SRR PG [y == Ty =Y, T =00 M0, =1 =I5 > 00,285 1RSI 2 M
AL ARFRR R S, Y, =1,
2) shi it
%(rlplUl) +V- (r(pU, ®U))==r, VP + V- (ru,(VU, + (VU1>T>) +

(2)
z;:l(Ffoz - F2+1U1) + SM1 +Ml

PR 5 1 AR SR IR YE R B S, AN D 5 R R Sh B IEAR ; M 2 i T E AR S R AR I 7E
55 1 AR BRI e ) T RE TR ) A A AR O S 2
1.2 BRERT RS

Herschel-Bulkley Jt 7515 0 % 45 hy oty bAoA HOtR e 39 4R VE R A AT F 4l 2R i 1, Btk 444
5PN 71K Herschel-Bulkley iRk 5 R 7 1 45 (3) R,

T=r, 4+ xD (3)

X r NIRRTV J1sm B By S5 DA%, H.



130 L ERRE

N n-1
TC
n=—+KX (YJ (4)
b2 YRet
—  (Odu, Odu,
b - ( ; j (5)
dx;  Ox;

by HIYINARR, y = uw/D 5 K ABEREG vo HBSHTTOINAER u Ml 53 53R A5 [ R A
2 AT A T b

21 HETEER

K KA - ARBAE A R, 3 ARA R OC R R H H-B BRI 807 5o, AR B 3
wmE 1 s, B IEANR NI B IR AN 4D FE B B Bk 6D, AR MZEMIA 1 Bk ATHRR, A S A
oD, AT 1 5 L7 s W3 AR ZH 35 Zakeri ™ BRI — 3, P AH RS 37 R [R] |, 5 T8 22 [ A7 70 Hi
1, BOEHL R B 2~3, BASEHR G R i e A ] 0 A7 5858 iU e BB o 19 32 77

1.5D
fe——
AZD
min. 4D '}E
4D
=
; }D v oy
o | 2B . 10 777
4D
A
|l »|
y 5D~8D ' *

1 EETHR
Fig. 1 Arrangement of pipeline in the domain
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Fig. 5 Relationship between the dip angle and the force Fig. 6 Relationship between the dip angle and the force
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Tab. 1 Statistics of numerical simulation results

ik e RIS/ (©) HiE/m TR/ (m - s7") TEMJI/N TIGHERIS/(°)
0.0 0.1 0.04 5276.8 0.000 14
0.5 0.1 0.04 5327.9 0.000 14
1.0 0.1 0.04 5305.7 0.000 14
: 2.0 0.1 0.04 5261.4 0.000 14
3.0 0.1 0.04 5497.3 0.000 14
5.0 0.1 0.04 5797.2 0.000 14
0.0 0.1 0.4 70321 1.236 32
0.5 0.1 0.4 7 093.2 1.234 23
1.0 0.1 0.4 7077.3 1.157 32
? 2.0 0.1 0.4 7 081.2 1.043 24
3.0 0.1 0.4 7 143.7 1.050 81
5.0 0.1 0.4 7 623.7 1.149 16
0.0 0.25 0.1 13 217.5 1.564 32
0.5 0.25 0.1 13 228.3 1.546 68
1.0 0.25 0.1 13 028.4 1.245 15
’ 2.0 0.25 0.1 13 259.6 1.142 72
3.0 0.25 0.1 13 513.2 1.073 43
5.0 0.25 0.1 14 262.2 1.163 45
0.0 0.25 1.3 18 631.2 1.446 53
0.5 0.25 1.3 18 561.9 1.437 63
1.0 0.25 1.3 18 557.7 1.396 76
! 2.0 0.25 1.3 18 533.8 1.337 83
3.0 0.25 1.3 19 001.3 1.436 83
5.0 0.25 1.3 20 056.5 1.376 22
0.0 0.3 0.7 20 062.3 -0.240 14
0.5 0.3 0.7 20 047.3 -0.242 41
1.0 0.3 0.7 20 042.7 -0.521 88
: 2.0 0.3 0.7 19 976.4 -0.444 75
3.0 0.3 0.7 20 338.0 -0.461 53
5.0 0.3 0.7 21 660.7 -0.551 48
0.0 0.35 1 23 413.8 1.301 48
0.5 0.35 1 23 394.5 1.260 48
1.0 0.35 1 23 387.2 1.159 66
° 2.0 0.35 1 24 018.4 1.148 64
3.0 0.35 1 24 843.8 1.213 43
5.0 0.35 1 26 382.0 1.076 30
0.0 0.45 0.8 27 879.1 0.980 58
0.5 0.45 0.8 27 979.1 0.960 58
; 1.0 0.45 0.8 28 512.9 0.949 21
2.0 0.45 0.8 28 353.0 0.922 21
3.0 0.45 0.8 29 189.7 0.921 08

5.0 0.45 0.8 31 811.5 0.893 93
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Tab. 2 Pipeline parameters

W= [N
JF/mm PR JF/mm PERHERTE
E =207 x10"Pa
MJZ:4219x11 =03 E =2.07 x 10"Pa

ANZ  6290x 11 ot = 7800 kg/m’ $290%16.5 v = 0.3
w =

PRIRZEEIE .30 60 kg/m’ p° = 9388.55 kg/m’
Pymp = m
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Fig. 8 Safty limits of pipeline under submarine landslide
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